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(54) Communication method and apparatus 

(57) A communicatton apparatus according to the 
present invention includes an RF signal processing 
means for processing a received RF signal, an RF de- 
modulating means for demodulating an output signal of 
the RF signal processing means, a decoding means for 
decoding an output signal from the RF demodulating 
means, an encoding means for encoding a predeter- 
mined information signal, an RF modulating means for 
modulating an output signal from the encoding means, 
and a transmission signal processing means for 



processing an output signal from the RF modulating 
means. The encoding means includes a memory means 
for storing a predetermined control data, a selecting 
means for selecting the predetermined control data in 
accordance with an information of circuit quality ob- 
tained from the decoding means, and an adding means 
for adding the transmission data with an output of the 
selecting means. An output power of the transmission 
signal processing means is controlled by the information 
of the circuit quality 
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Description 

The present invention relates to a communication 
method and apparatus suitable for application to a base 
station and a terminal apparatus of a radio telephone 
system, for example. 

In a mobile communication such as a radio tele- 
phone system or the like, a multiple access in which a 
plurality of mobile stations (terminal apparatus or sub- 
scribers) are permitted to access a single base station 
is employed. In this case of a radio telephone, a number 
of mobile stations commonly utilize a single base sta- 
tion. Therefore, various communication systems have 
been proposed for avoiding interference between re- 
spective mobile stations. For example, a frequency di- 
vision multiple access (FDMA) system, a time division 
multiple access (TDMA) system, a code division multi- 
ple access (CDMA) system and so on are convention- 
ally proposed as this kind of communication systems. 

Of these systems, the CDMA system is a multiple 
access system in which a particular code is assigned to 
each of the mobile stations, a modulated wave of an 
identical carrier wave (carrier) is spread in spectrum with 
the code and then transmitted to the identical base sta- 
tion, and a base station receives it with taking code syn- 
chronism based on each code to identity a desired mo- 
bile station. 

Specifically, the base station occupies the whole 
frequency band owing to the spectrum, and transmits 
signals to a plurality of mobile stations using an identical 
frequency band at the same time. Each of the mobile 
stations inversely spreads a signal of a fixed spread 
band width transmitted from the base station to extract 
a corresponding signal. Further, the base station dis- 
criminates each of the mobile stations by different 
spread codes one another. 

In the CDMA system, communication can be 
achieved at every direct calling so long as a code is 
shared. Further, the system is excellent in secrecy of 
telephone conversation. Therefore, the system is suita- 
ble for a radio transmission utilizing mobile stations such 
as a portable telephone apparatus and so on. 

The assignee of the present application has pro- 
posed a communication system called a band division 
multiple access (BDMA) system (disclosed in Japanese 
patent application No. 1 32434/1 996 and so on) as an- 
other communication system. While details of the BDMA 
system will be described in the detailed description of 
the preferred embodiment later on, the BDMA system 
is as follows in short. A plurality of transmission bands 
in each of which subcarrier signals of a predetermined 
number are disposed at a predetermined frequency in- 
terval arc prepared. A signal in each of the transmission 
bands is divided by every predetermined time to form 
time slots. A burst signal is transmitted in the form of a 
multicarrier signal modulated by dispersing the signal 
intermittently into the subcarrier signals of the above 
predetermined number at a period of the time slots of a 



predetermined number This BDMA system has a very 
excellent transmission characteristic. 

A system having a frequency allocation called one- 
cell repetition system has been proposed as a radio tel- 

5 ephone system to which the above communication sys- 
tems are applied. In this one-cell repetition system, a 
frequency band used in a cell formed of each of base 
stations is made common in all the cells. In this case, 
since a frequency used in each of the cells is the same, 

TO there can be achieved an effect in which a system ar- 
rangement used when the base stations are located to 
form celts is considerably simplified. 

However, if the one-cell repetition system is em- 
ployed, then the same frequency is used even in adja- 

15 cent cells. Therefore, since there is high possibility that 
communication at one station interfere with cells adja- 
cent to the station, the one-cell repetition system can be 
applied only to a communication system having excel- 
lent selectivity of a specific path such as the above CD- 

20 MA system or the above BDMA system. 

Moreover, even if the above CDMA system or the 
above BDMA system having excellent selectivity of a 
specific path is employed, it is frequently observed that 
communication in one station interferes with cells adja- 

25 cent thereto depending upon the communication state. 

In view of such problems, it is an object of the 
present invention to provide a communication method 
and a communication apparatus which can suppress in- 
terference of communication of adjacent cells to mini- 

30 mum when an one-cell repetition system is applied 

According to a first aspect of the present invention, 
a communication method in a predetermined band width 
with a predetermined format for multiple access by each 
cell, includes a detecting step of detecting an interfer- 
es ence to a communication between a first apparatus and 
a second apparatus by communication of a third appa- 
ratus, and a lowering step of lowering an information 
transmission rate of said communication between said 
first and second apparatus. 

•40 According to a second aspect of the present inven- 
tion, a communication apparatus communicating in a 
predetermined band width with a predetermined format 
for multiple access by each cell, includes a status de- 
tecting means for detecting a communication status tor 

-ts a predetermined station, and a rate adjusting means for • 
lowering an information transmission rate of said com- 
munication when an output signal from said status de- 
tecting means indicates that a level of a communication 
status is lower than a predetermined value. 

so In order that the invention may be better under- 

stood, the following non-limitative description of an em- 
bodiment is given with reference to the drawings, in 
which: 

55 FIG. 1 is a diagram used to explain a slot arrange- 

ment of a transmission signal used in a communi- 
cation apparatus according to an embodiment of 
the present invention 
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FIGS. 2A to 2G are diagrams each used to explain 
a transmission slate in a frame according to the em- 
bodiment: 

FIGS. 3A to 3B are diagrams each used to explain 
an example of a band slot arrangement according 
to the embodiment: 

FIG. 4 is a block diagram showing an arrangement 
of a terminal apparatus according to an embodi- 
ment of the present invention; 
FIG. 5 is a block diagram showing an arrangement 
of an encoder of the terminal apparatus according 
to the embodiment: 

FIG. 6 IS a block diagram showing an arrangement 

of a convolutional encoder of the terminal apparatus 

according to the embodiment: 

FIGS. 7A and 7B are diagrams showing examples 

of waveforms of a windowing data according to the 

embodiment: 

FIG. 8 is a phase characteristic graph showing an 
example of a transmission data according to the 
embodiment: 

FIG. 9 is a block diagram showing an arrangement 
of a decoder of the terminal apparatus according to 
the embodiment: 

FIG. 10 is a timing chart showing a processing tim- 
ing according to the embodiment; 
FIG. 11 is a block diagram showing an arrangement 
of a base station according to the embodiment; 
FIG 12 is a block diagram showing a modulation 
processing of the base station according to the em- 
bodiment; 

FIG. 1 3 is a block diagram showing a demodulation 
processing of the base station according to the em- 
bodiment; and 

FIG. 14 is a diagram used to explain a communica- 
tion state according to the embodiment. 

A communication method and a communication ap- 
paratus according to an embodiment of the present in- 
vention will hereinafter be described with reference to 
FIG. 1 to FIG. 16, 

Initially, a communication system to which the 
present embodiment is applied will be described. The 
communication system of the present embodiment is ar- 
ranged as a so-called multicarner system in which a plu- 
rality of subcarriers are continuously disposed within a 
band allocated in advance, and the plurality of subcar- 
riers within the single band are utilized on a single trans- 
mission path at the same time. Further, the plurality of 
subcarriers within the single band are collectively divid- 
ed in the band to be modulated. Here, this system is 
called a band division multiple access (BDMA: Band Di- 
vision Multiple Access). 

The arrangement thereof will be described below. 
FIG 1 is a diagram showing a slot arrangement of trans- 
mission signals of the present embodiment in which a 
frequency is set in the ordinate thereof and a lime is ex- 
pressed on the abscissa thereof In the present exam- 



4 

pie, the frequency-axis and the time-axis are divided in 
a lattice fashion to provide an orthogonal base system. 
Specifically, the transmission band width of one trans- 
mission band (one band slot) is set to 1 50 KHz and the 
5 one transmission band of the 1 50 KHz includes therein 

24 subcarriers. The twenty-four subcarriers are dis- 
posed continuously with an equal interval of 6.25 KHz, 
and every carrier is assigned with a subcarrier number 
from 0 to 23. However, practically existing subcarriers 

TO are allocated to bands of subcarrier numbers of 1 to 22. 
Bands of both end portions of the one band slot, i.e., 
bands of subcarrier numbers of 0 and 23 are assigned 
with no subcarrier, i.e., they are made to serve as a 
guard band and their electric power is set to zero. 

15 One time slot is regulated at an interval of 200 psec. 
in terms of the time-axis. A burst signal is modulated 
and transmitted together with 22 subcarriers at every 
time slot. One frame is defined as an array of 25 time 
slots (i.e., 5 msec). Each of the lime slots within one 

20 frame is assigned with a time slot number from 0 to 24. 
A hatched area in FIG. 1 represents a section of one 
time slot in one band slot. In this case, a time slot as- 
signed with a slot number of 24 is a period in which no 
data is transmitted. 

25 Multiple access in which a plurality of mobile sta- 
tions (terminal apparatus) carry out communication with 
a base station at the same period, is carried out by using 
the orthogonal base system which derives from dividing 
the frequency-axis and time-axis in a lattice fashion. 

30 Connection condition with respective mobile stations is 
arranged as shown in FIGS. 2A to 2G. FIGS. 2A to 2G 
are diagrams each showing an operation condition indi- 
cating that how six mobile stations are connected to the 
base station by using time slots UO. Ul. U2, U5 with 

35 one band slot (actually utilized band slot is changed ow- 
ing to a frequency hopping which will be described later). 
A time slot represented by R is a reception slot while a 
time slot represented by T is a transmission slot. As 
shown in FIG. 2A, a frame timing regulated in the base 

-to station is set to a period including 24 time slots (of the 

25 time slots, the last sl6t, i.e, a slot of number 24 is not 
utilized). In this case, the transmission slot is transmitted 
using a band different from one of the reception slot. 

The mobile station UO shown in FIG. 2B uses lime 
^5 slots of time Slot numbers, 0, 6, 12, 18 within one frame 
as a reception slot, while time slots of time slot numbers, 
3, 9, 15, 21 as a transmission slot. A burst signal is re- 
ceived or transmitted in each time slot. The mobile sta- 
tion Ul shown in FIG. 2C uses time slots of time slot 
50 numbers, 1, 7. 13, 19 within one frame as a reception 
slot, while time slots of time slot numbers, 4, 10, 16, 22 
as a transmission slot. The mobile station U2 shown in 
FIG. 2D uses time slots of lime slot numbers, 2, S, 14, 
20 within one frame as a reception slot, while time slots 
55 of time slot numbers. 5, 11, 17, 23 as a transmission 
slot. The mobile station U3 shown in FIG. 2E uses time 
slots of time slot numbers, 3. 9, 15, 21 within one frame 
as a reception slot, while time slots of time slot numbers. 
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0. 6. 12 28 as a transmission slot. The mobile station 
U4 shown in FIG 2F uses time slots of time slot num- 
bers. 4, 10. 16, 22 within one frame as a reception slot, 
while time slots of time slot numbers. 1. 7. 13. 22 as a 
transmission slot. Further the mobile station U5 shown 
in FIG. 2G uses time slots of time slot numbers, 5, 11, 
16. 22 within one frame as a reception slot, while time 
slots of time slot numbers, 2, 8, 1 4, 20 as a transmission 
slot. 

In this embodiment, as described later on, a trans- 
mission rate of communication between a base station 
and a mobile station {a terminal apparatus) can be 
changed- A processing for changing the transmission 
rate is to change the number of time slots used on one 
path, for example. Therefore, allocation of the time slots 
shown in FIGS. 2A to 2G is normal allocation used when 
the transmission rate is set high. If the transmission rate 
is set low, a time slot allocated to a mobile station UO 
shown in FIG. 2B and a time slot allocated to a mobile 
station U1 shown in FIG. 2C are used by one mobile 
station to thereby secure two successive time slots as 
a transmission slot T and also two successive time slots 
as a reception slot R. Thus, a processing for doubling 
the number of time slots to be used when the same 
amount of information is to bo transmitted. In accord- 
ance with this processing, the transmission rate is low- 
ered to 1/2. Accordingly, if a path in which the transmis- 
sion rate is set low is used, the number of mobile stations 
which can simultaneously access one base station is 
decreased. 

Since the arrangement shown in FIG. 2A to 2G is 
employed, six time-division multiple access (TDIVIA) in 
which six mobile stations accesses one band slot is car- 
ried out. In view of each of the mobile stations, there is 
a spare period of two time slots (i.e., 400 |isec.) from 
completion of reception or transmission of one time slot 
period to start of next tranmission or reception. Each of 
the mobile stations carries out a timing processing and 
a processing called a frequency hopping by utilizing this 
spare period. Specifically, each of the mobile stations 
carries out a timing proc^essing TA for agreeing a trans- 
mission timing with a timing of a signal transmitted from 
a base station during after 200 lasec have passed be- 
fore each transmission slot T, and carries out the fre- 
quency hopping for switching a band slot used tor trans- 
mission and reception to another band slot after about 
200 jisec. have passed since completion of each trans- 
mission slot T Since the above liming is one used when 
the transmission rate is set high, if the transmission rate 
is set low and the number of the band slot to be used is 
changed, then it is necessary to set the timing for the 
frequency hopping again. The frequency hopping per- 
mits a plurality of band slots prepared for one base sta- 
tion to be used by each of the mobile stations equally. 

Specifically, a plurality of band slots are allocated 
to a single base station. In a case of a cellular system 
in which one base station forms one cell, if a band of 1 ,2 
MHz is allocated to one ceil, eight band slots can be al- 



located to one cell. Similarly, if a band of 2.4 MHz is al- 
located to one cell. 16 band slots can be allocated to 
one cell: if a band of 4.8 MHz is allocated to one cell. 32 
band slots can be allocated to one cell: and if a band of 

5 9.6 MHz is allocated to one cell, 64 band slots can be 
allocated to one cell. Then, a frequency switching 
processing called the frequency hopping is carried out 
so that a plurality of band slots allocated to one cell are 
utilized uniformly. In the present example, a plurality of 

10 band slots of which frequencies are continuous are al- 
located to one cell. 

FIGS- 3A and 3B shows an example of a band-slot 
allocation in which eight band slots is allocated to one 
cell. In each of the prepared eight band slots as shown 

^5 in FIG. 3A, twenty-two carries are set for data transmis- 
sion. 

The communication condition is settled as above so 
that a signal transmitted between each mobile station 
and the base station is maintained to have orthogonal 

20 property with respect to other signals. Therefore, the 
signal will not suffer from interference from other signals 
and only a corresponding signal can be extracted satis- 
factorily. Since a band slot utilized for transmission is 
changed at any time by the frequency hopping, the 

2S transmission bands prepared for each base station is 
effectively utilized, which leads to effective transmis- 
sion. I n this case, as described above, a frequency band 
to be allocated to one base station (cell) can be freely 
settled Therefore, a system can be freely settled de- 

30 pending on a used situation. 

In this embodiment, it is assumed that one-cell rep- 
etition system in employing the same frequency band in 
all the prepared cells is employed. Specifically, it is as- 
sumed that if the eight band slots are prepared as a band 

35 which can be used in this radio telephone system as 
shown in FIGS. 3A and 3B, then all the cells (i.e., all the 
base stations) carry out communication using the eight 
band slots. 

Next, an arrangement of a terminal apparatus (mo- 

-^0 bile station) which carries out communication with the 
base station in the above-described system will be de- 
scribed. In this case, a band of 2.0 GHz is utilized as a 
down-link from the base station to the terminal appara- 
tus while a band of 2.2 GHz is utilized as an up-link f rom 

■^5 the terminal apparatus to the base station. 

FIG. 4 is a diagram showing an arrangement of the 
terminal apparatus. A reception system thereof will be 
described first. An antenna 11 serving for transmitting 
and receiving a signal is connected to an antenna shar- 

50 ing device. The antenna sharing device 1 2 is connected 
at its received signal output side with a band-pass filter 
13, a reception amplifier 14 and a mixer 15 in series. 
The band-pass filter 1 3 extracts a signal of the 2.0 GHz 
band. The mixer 1 5 mixes the output from the band-pass 

55 filter with a frequency signal of 1.9 GHz output from a 
frequency synthesizer 31 so that the received signal is 
converted into an intermediate frequency signal of a 100 
MHz. The frequency synthesizer 31 is formed of a PLL 
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(phase- locked- loop circuit), and it is a synthesizer for 
generatirrg signals in a band of 1 9 GHz with an interval 
of 150 kHz (i.e.. one band slot interval) based on a signal 
of 150 kHz which is generated by frequency-dividing a 
signal of 1 9.2 MHz output from a temperature compen- 5 
sation type crystal oscillator (TCXO) 32 by a 1/128 fre- 
quency divider 33. Other frequency synthesizers, which 
will be described later on, utilized in the ternninal appa- 
ratus are also formed of a PLL circuit. 

The intermediate frequency signal output from the 
mixer 15 is supplied through a band-pass filter 16 and 
a variable gain amplifier 1 7 to two mixers 1 81 , 1 8Q useful 
for demodulation. A frequency signal of 1 00 MiHz output 
from a frequency synthesizer 34 is supplied to a phase 
shifter 35 in which the signal is made into two system '5 
signals of which phases are shifted from each other by 
90 degrees. One of the two-system frequency signals is 
supplied to the mixer 181 while the other of the same is 
supplied to the mixer 18Q so that they are mixed with 
the intermediate frequency signal respectively, whereby 20 
an I component and a Q component contained in the 
received data are extracted. The frequency synthesizer 
34 is a synthesizer for generating a signal of 100 MHz 
band based on the signal of 150 kHz generated by fre- 
quency-dividing of the 1/128 frequency-divider 33. 25 

Then, the extracted l-component is supplied 
through a low-pass filter 191 to an analog-to-digital con- 
verter 201 in which the component is converted into dig- 
ital I data. The extracted Q-component is supplied 
through a low-pass filter 1 9Q to an analog-to-digital con- 30 
verier 20Q in which the component is converted into dig- 
ital Q data. In this case, the respective analog-to-digital 
converters 201, 20Q use a clock of 200 kHz as a clock 
for conversion which is generated by dividing a clock of 
1 9.2 MHz output from the TCXO 32 by a 1/96 frequency 35 
divider 36. 

Then, the digital I data and digital Q data output from 
the analog-to-digital converters 201, 20Q are supplied 
to a demodulating decoder 21 in which demodulated re- 
ception data is obtained at a terminal 22. The demodu- -^o 
lating decoder 21 is supplied with the cbck of 1 9.2 MHz 
output from the TCXO 32 as a clock as it is, and also 
supplied with a clock of 5 kHz generated by frequency- 
dividing the clock of 200 kHz output from the 1/96 fre- 
quency divider 36 by a 1/40 frequency-divider 37. The -^5 
clock of 5 kHz is utilized for generating slot timing date. 
Specifically, in the present example, one time slot is set 
to 200 psec. ds described above. However, a signal of 
which frequency is 5 kHz has one period of 200 psec. 
Thus, slot timing data is generated in synchronism with 
the signal of 5 kHz. 

Next, the transmission system of the terminal appa- 
ratus will be described. Transmission data obtained at 
a terminal 41 is supplied to a modulating encoder 42 in 
which processing for encoding and modulation is carried 55 
out for transmission so as to generate digital ! data and 
digital Q data for transmission In this case, the modu- 
lating encoder 42 is supplied with the clock of 1 9.2 MHz 



as a clock which is output from the TCXO 32 as it is, and 
also supplied with the signal of 5 kHz generated by di- 
vision with the 1 /40 frequency-divider 37 as data for gen- 
erating a slot timing. The digital I data and the digital O 
data output from the modulating encoder 42 are sup- 
plied to diqital-to-analog converters 431 and 43Q in 
which the data are converted into an analog I signal and 
an analog Q signal. The converted I signal and Q signal 
are supplied through low-pass filters 441 and 440 to mix- 
ers 451 and 45Q. Further, a frequency signal of 300 MHz 
output from a frequency synthesizer 38 is converted by 
a phase shifter 39 into two system signals of which phas- v,^ 
es are shifted from each other by 90 degrees. One of 
the two system frequency signals is supplied to the mix- 
er 451 while the other of the same is supplied to the mixer 
45Q, whereby the frequency signals are mixed with the 
I signal and the Q signal, respectively, so as to form sig- 
nals falling in a 300 MHz band. Both of the signals are 
supplied to an adder 46 in which carried out is an or- 
thogonal modulation to unify them into a single system 
signal. The fiequency synthesizer 38 is a synthesizer 
for generating a signal of 300 MHz, band based on the 
signal of 150 kHz generated by a frequency-division with 
the 1/128 frequency-divider 33. 

Then, the signal modulated into the signal of 300 
MHz band output from the adder 46 is supplied through 
a transmission amplifier 47 and a band-pass filter 48 to 
a mixer 49, in which the signal is added with a frequency 
signal of 1 9 GHz output from the frequency synthesizer 
31 so as to convert the signal into a signal of a trans- 
mission frequency of 2.2 GHz band. The transmission 
signal frequency-converted into the transrnission fre- 
quency is supplied through a transmission amplifier 
(variable gain amplifier) 50 and a band-pass filter 51 to 
the antenna sharing device 1 2 so that the signal is trans- 
mitted from the antenna 11 connected to the antenna 
sharing device 12 in a wireless fashion. A gain of the 
transmission amplifier 50 is controlled to thereby adjust 
a transmission output. The control in transmission out- 
put is carried out based on output control data received 
from the base station side, for example. 

Further, the signal of 19.2 MHz output from the 
TCXO 32 is supplied to a 1/2400 frequency-divider 40 
to convert be converted into a signal of 8 kHz, and the 
signal of 8 kHz is supplied to a circuit of a speech 
processing system (not shown). That is. in the terminal 
apparatus of the present example, a speech signal 
transmitted between it and the base station is sampled 
at a rate of 8 kHz (or oversampling at a rate of an integral 
multiple of the frequency). Thus, the 1/2400 frequency 
divider 40 produces a clock necessary for speech data 
processing circuits such as an analog-to-digital convert- 
er and a digital-to-analog converter of a speech signal 
or a digital signal processor (DSP) for processing for 
compression and expansion on speech data and so on. 

Next, the encoder in the transmission system of the 
terminal apparatus of the arrangement and its peripher- 
al arrangement will be described in detail with reference 
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to FIG. 5. A convolution encoder 101 subjects a trans- 
mission drita to convolution encoding. The convolution 
encoding is carried out with a constrained length of k = 
7 and a coding rate of R = 1/3. for example. FIG. 6 is a 
diagram showing an arrangement of the convolution en- 
coder with a constrained length of k = 7 and a coding 
rate of R = 1/3. Input data is supplied to six delay circuits 
101 a, 101b, •". 101 f which are connected in series so 
that data of continuous 7 bits are made coincident in 
their timing. Ex-OR gate 101 g, I01h, lOlt take an ex- 
clusive-OR of a predetermined data of the seven bits 
and outputs of the respective Ex-OR gates lOlg, lOlh, 

101 i are converted into parallel data by a serial-to-par- 
allel converting circuit lOlj, whereby convolution-en- 
coded data is obtained. 

FIG. 5 is again described. An output of the convo- 
lution encoder 1 01 Is supplied to a four-frame interleave 
buffer 102 in which data interleave is carried out over 
four frames (20 msec ). An output of the interleave buffer 

102 is supplied to a DQPSK encoder 110 in which a 
DQPSK modulation is carried out. That is, a DQPSK 
symbol generating circuit 111 generates a correspond- 
ing symbol based on supplied data, and then the symbol 
is supplied to a multiplier 1 1 2 at one input terminal there- 
of. A delay circuit 113 delays a multiplied output of the 
multiplier 112 by one symbol amount and returns it to 
the other input terminal thereof, whereby the DQPSK 
modulation is carried out. The DQPSK modulated data 
is supplied to a multiplier 103 so that random phase shift 
data output from a random phase shift data generating 
circuit 104 is multiplied with the modulated data, where- 
by phase of the data is apparently changed at random. 

An output of the multiplier 103 is supplied to an in- 
verse fast Fourier transformation (IFFT) circuit 105 in 
which a conversion processing to a time axis is carried 
out on the data of the frequency axis by calculation of 
the inverse fast Fourier t ran sfornnat ion, whereby data on 
the real time axis of the mutticarrier signal of 22 subcar- 
riers with an interval of 6.25 kHz is produced. The IFFT 
circuit 1 05 for carrying out the inverse fast Fourier trans- 
formation enables an arrangement for generating sub- 
carriers of a second powered number relatively easily. 
The IFFT circuit 105 employed in the present example 
IS capable of generating 2^ subcarners, i.e., 32 subcar- 
rters and outputs data modulated into continuous 22 
subcarriers of the generated subcarners. The modula- 
tion rate of transmission data dealt by the FFT circuit 
105 of the present example is set to 200 kHz. A signal 
of a modulation rate of 200 kHz is converted into thirty- 
two multicarriers to produce multicarrier signals with an 
interval of 6.25 kHz, which numeral derives from calcu- 
lation of 200 kHz 32 = 6.25 kHz. 

The multicarrier data transformed into data of the 
real time by the inverse fast Fourier transformation is 
supplied toa multiplier 107 in which the data is multiplied 
with a time waveform output from a windowing data gen- 
erating circuit 105 The time waveform is a waveform 
having one waveform length T^. or about 200 psec (that 



is, one time slot period) as shown in FIG. 7A. for exam- 
ple, on the transmission side. However, the waveform 
is arranged to have its both end portions Tjpi (about 15 
Msec.) changing gently in its waveform level. Hence, the 

5 neighboring time waveforms are arranged to overlap 
partly on each other as shown at FIG. 7B when the time 
waveform is utilized for multiplication. 

FIG. 5 is again described. The signal multiplied with 
the time waveform by the multiplier 107 is supplied 

70 through a burst buffer 108 to an adder 109. The adder 
109 adds control data output from a control data selector 
121 to the signal at a predetermined position. The con- 
trol data utilized for addition is control data indicating 
control of transmission output. Based on a result of de- 

'5 termination over the condition of the received signal at 
a terminal 122, the selector 121 sets the control data. 

In this case, the selector 1 21 is connected with three 
control data memories 123, 124, 125 (actually, these 
memories may be provided by dividing an area of one 

20 memory into three portions). Control data for decreasing 
a transmission output (-1 data) is stored in the memory 

123, control data for keeping the transmission output in 
an unchanged state (±0 data) is stored in the memory 

124, and control data for increasing the transmission 
25 output (+1 data) is stored in the memory 125, respec- 
tively. The control data stored in this case is data equiv- 
alent to data when the corresponding control data is 
subjected to the modulation processing for transmission 
in the encoder up to the multiplier 107. 

30 More concretely, the transmission data is a phase- 
modulated data changing on a plane formed by the I- 
axis and the Q-axis orthogonal to each other, i.e.. the 
data changing along a circle on a plane shown in FIG. 
8. Data (I , Q) at a position of (0, 0) is set to ±0 data, that 

35 at a position of (1 , 0) behind from the position by 90 de- 
grees is set to -1 data and that at a position of (0, 1) 
ahead of the position of ±0 data by 90 degrees is set to 
+1 data. Control data for the transmission output corre- 
sponding to a position of ( 1 , 1 ) is undefined so that when 

-^0 the reception side discriminates the data of the position, 
the data is regarded as ± 0 data to keep the transmission 
output unchanged. The signal phase shown in FIG. 8 is 
a phase before being modulated into multicarrier sig- 
nals. Actually, the data of the signal phase is modulated 

•^5 into mullicarher signal and data generated by multiplied 
with a time waveform are stored in respective memories 
123. 124. 125. 

Transmission data added with the control data by 
the adder 1 09 is supplied to a digital-to-analog converter 

50 43 (which corresponds to the digital-to-analog convert- 
ers 431, 43Q shown in FIG. 4) in which the transmission 
data is converted into an analog signal using a clock of 
200 kHz for conversion. 

Next, the decoder and the peripheral arrangement 

55 thereof of the reception system of the terminal appara- 
tus of the present example will be described in detail 
with reference to FIG 9 Digital data resulting from con- 
version by an analog-to-digital converter 20 (corre- 
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spending to the analog-to-digital converters 201, 20Q in 
FIG. 4) using r clock of 200 kH?. is supplied through a 
burst buffer 131 to a multiplier 132. in which the digital 
data is multiplied with a time waveform output from an 
inverse windowing data generating circuit 1 33. The time 
waveform utilized for multiplication upon reception is a 
time waveform with a shape shown in FIG. 7A. This time 
waveform is arranged to have a length, T^^,, i.e., 160 
(jsec which is shorter than the length of the same upon 
transmission. 

The reception data multiplied with the time wave- 
form is supplied to a FFT circuit 1 34 in which conversion 
between a frequency axis and a timebase is carried out 
by the fast Fourier transformation processing, whereby 
the transmitted data modulated into 22 subcarriers with 
an interval of 6.25 kHz and arranged on the time base 
are separated into information component which each 
carrier has. The conversion processing in this case is 
carried out by a circuit capable of processing subcarriers 
of 2^, i.e., Ihirty-lwo subcarriers, similarly lo the case in 
which conversion processing is carried out by the IFFT 
circuit in the transmission system. Data modulated into 
continuous twenty-two subcarriers of them are convert- 
ed and output therefrom. The modulation rate of trans- 
mission data dealt by the FFT circuit 1 34 of the present 
example is set to 200 kHz. Since the circuit is capable 
of processing thirty-two multicarriers, conversion 
processing can be carried out on multicarriers with an 
interval of 6.25 kHz, which numeral derives from calcu- 
lation of 200 kHz 32 = 6.25 kHz. 

The reception data which has been subjected to the 
fast Fourier transformation in the FFT circuit 1 34 is sup- 
plied to a multiplier 135, in which the reception data is 
multiplied with inverse random phase shift data (this da- 
ta is data changing in synchronism with random phase 
shift data on the transmission side) output from an in- 
verse random phase shift data generating circuit 136, 
whereby the data is restored to have, its original phase. 

The data restored to have its original phase is sup- 
plied to a differential demodulation circuit 137 in which 
the data Is subjected to differential demodulation. The 
differentially demodulated data is supplied to a four- 
frame de-interleave buffer 1 38 in which data interleaved 
over (our frames upon transmission is restored to have 
Its original data order. The deinterleaved data is sup- 
plied to a Viterbi decoder 1 39 in which the data is Viterbi- 
decoded. The Viterbi-decoded data is supplied as de- 
coded reception data lo a reception data processing cir- 
cuit (not shown) placed in the later stage. 

FIG. 10 shows timings of processings described so 
far Initially, data of one time slot is received at timing 
R11 in the reception system, and simultaneously with 
the reception, the received data is converted into digital 
data by the analog-to-digital converter 20 and then 
stored in the burst buffer 1 31 . The stored reception data 
is subjected to demodulation processings such as mul- 
tiplication with the time waveform, the fast Fourier trans- 
form, multiplication with the inverse random phase shift 



data, differential demodulation, Viterbi demodulation 
and so on at the next timing R12. Thereafter, decoding 
is carried out by data processing at the next timing R1 3. 
Then, from timing R21 which is six time slots after 

5 timing R11 , to timing R23, a processing the same as that 
of timing Rl 1 to R1 3 is carried out. Thereafter the same 
processing is repeated. 

In the transmission system, transmission is carried 
out at a timing shifted by three time slots with respect to 

10 the timing of reception. That is, the transmission data is 
encoded at predetermined timing T1 1 , the encoded data 
is subjected to a modulation processing by which the 
data is converted into transmission data of one burst 
amount at the next timing T12, and the data is once 

15 stored in the burst buffer 108 of the transmission sys- 
tem. Then, at timing T13 behind three time slots Irom 
the reception timing R11, the transmission data stored 
in the burst buffer 108 is converted by the digital-to-an- 
alog converter 43 and then subjected to transmission 

20 processing and transmitted from the antenna 1 1 . Then, 
from timing T21 , which is six time slots after timing Y1 1 , 
to timing T23 a processing the same as that of timing 
T1 1 to T1 3 is carried out. Thereafter the same process- 
ing is repeated. 

25 In this way, reception processing and transmission 

processing are carried out intermittently in a time shar- 
ing manner In the present example, control data (con- 
trol bit) of the transmission output to be added to trans- 
mission data is. i.e., the control data of the transmission 

30 output upon transmission as described with reference 
to FIG. 5 is, added by the adder 109 at the last timing 
when the encode processing is completed for transmis- 
sion. Therefore, the state of the reception data can be 
swiftly reflected upon the control data to be transmitted. 

35 That is, for example, reception state of the burst signal 
received at timing R11 is detected at a midst of demod- 
ulation at timing R12. and the control state of the trans- 
mission output to be notified to the opponent of commu- 
nication (base station) is determined (i.e.. FIG. 1 0 shows 

-to a processing at a timing indicating control bit calcula- 
tion). When the control bit is calculated, the result of cal- 
culation is sent from the terminal 1 22 to the selector 121, 
in which the calculation result is added with control data 
corresponding to transmission data stored in the burst 

^5 buffer 108. and a burst signal to be transmitted at timing 
T1 3 is added with control data of transmission output 
based on the last received data indicative of the state. 

The opponent carrying out communication (base 
station) determines the control data transmitted at tim- 

50 ing T1 3 so that the opponent controls the transmission 
output into the corresponding state when the burst sig- 
nal is transmitted from the base station at the next timing 
R21. Consequently, the burst signal lo be transmitted 
next is controlled in its transmission output on the basis 

55 of the reception state of the burst signal which has been 
transmitted in the preceding cycle. Thus, the transmis- 
sion output is positively controlled at every one cycle 
when the burst signal is transmitted, and hence it is pos- 
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sible to substantially uniform transmission outputs of 
transmission signals transmitted through a plurality of 
paths between the terminal apparatus and one base sta- 
tion at the same time. 

If it is not carried out the processing that, as in the 
present example the control data of the transmission 
output is prepared in the memory in advance to carry 
out adding processing. . then the following consequence 
will happen in the example of FIG. 1 0, for example. That 
is, a result received at timing R11 is determined in the 
process of demodulation at timing R12, thereafter the 
control data is encoded at timing T21 and demodulated 
at timing T22, and the control data based on the recep- 
tion result at timing R11 is transmitted in response to the 
burst signal transmitted at timing T23. Thus, it is impos- 
sible to control the transmission output at every cycle. 
While description has been made on a case in which the 
terminal apparatus side generates data useful for con- 
trolling the transmission output from the base station, it 
is needless to say that the base station side may also 
generate data useful for controlling the transmission 
output from the terminal apparatus. 

In the terminal apparatus according to this embod- 
iment, the low-speed transmission rate can be set other 
than the transmission rate obtained upon the operation 
with the clocks of the above respective frequencies. If 
the transmission rate is set to the low-speed transmis- 
sion rate, a modulation clock frequency, a demodulation 
clock frequency and so on are changed in accordance 
with the setting. The transmission rate is set based on 
a command from a control unit, not shown, of the termi- 
nal apparatus. This control unit sets either of a norma 
(high speed) transmission rate and the low-speed trans- 
mission rate based on a set data of the transmission rate 
transmitted from the base station. 

An arrangement of the base station will be de- 
scribed below with reference to FIG. 11. The arrange- 
ment of the base station for carrying out transmission 
and reception is fundamentally the same as the arrange- 
ment of the terminal apparatus side. But the base station 
is different from the terminal apparatus in an arrange- 
ment of multiple access which enables a plurality of ter- 
minal apparatus to access at a time. 

Initially, an arrangement of the reception system 
shown in FIG. 11 will be described. An antenna 211 serv- 
ing for transmission and reception is connected to an 
antenna sharing device 2i2. The antenna sharing de- 
vice 212 is connected at its reception signal output side 
with a band-pass filter 21 3. a reception amplifier 21 4 and 
a mixer 21 5 in series. The band-pass filter 213 extracts 
2.2 GHz band. The mixer 215 mixes an extracted signal 
with a frequency signal of 1.9 GHz output from a fre- 
quency synthesizer 231 sothat a reception signal is con- 
verted into an intermediate signal of 300 MHz band. The 
frequency synthesizer 231 is formed of a PLL circuit 
(phase-locked loop circuit). The frequency synthesizer 
is a synthesizer for generating signals of 1 9 GHz with 
an interval of 150 kHz (i e , one band slot interval) on 
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the basis of a signal of 1 50 kHz generated by frequency- 
dividing a signal of 19 2 MHz output from a temperature- 
compensated crystal oscillator (TCXO) 232 by a 1/128 
frequency divider 233. Other synthesizers, which will be 

5 described later on, utilized in the base station are simi- 
larly formed of the PLL circuit. 

The intermediate frequency signal output from the 
mixer 21 5 is supplied through a band-pass filter 216 and 
a reception amplifier 217 to two mixers 2181, 21 3Q use- 

10 ful for demodulation. A frequency signal of 300 MHz out- 
put from a frequency synthesizer 234 is converted into 
signals of two systems of which phases are shifted from 
each other by 90 degrees by a phase shifter 235. One 
of the two system frequency signals is supplied to the 

15 mixer 21 81 while the other of the same is supplied to the 
mixer 21 BQ so that they are mixed with the intermediate 
frequency signals, respectively. Thus, an l-component 
and a Q-component contained in the received data are 
extracted. The frequency synthesizer 234 is a synthe- 

20 sizer for generating a signal of 300 fVlHz band on the 
basis of a signal of 1 50 kHz generated by the frequency 
division with the 1/128 frequency divider 233. 

The extracted l-component is supplied through a 
low-pass filter 2191 to an analog-to-digital converter 

^5 2201 in which the component is converted into digital I 
data. The extracted Q-component is supplied through a 
low-pass filter 21 9Q to an analog-to-digital converter 
220Q in which the component is converted into digital 
Q data Each of the analog-to-digital converters 2201, 

30 220Q utilizes a signal of 6.4 MHz generated by frequen- 
cy-dividing a signal of 1 9.2 MHz output from the TCXO 
232 by a 1/3 frequency divider 236 as a clock for con- 
version. 

Then, the digital I data and the digital Q data output 

35 from the analog-to-digital converters 2201, 220Q are 
supplied to a demodulating unit 221 from which demod- 
ulated data is supplied to a demultiplexer 222, tn which 
the data supplied thereto is classified into data from re- 
spective terminal apparatus and the classified data are 

■^0 supplied separately to decoders 223a, 223b, 223n of 
which number corresponds to a number of terminal ap- 
paratus permitted to access at a time (six terminals per 
one band slot). The demodulating unit 221, the demul- 
tiplexer 222 and the decoders 223a, 223b, 223n are 

-^5 supplied with the signal of 19.2 MHz output from the 
TCXO 32 as a clock as it is, and also supplied with a 
signal of 5 kHz generated by frequency-dividing a signal 
of 6,4 MHz output from the 1/3 frequency divider 236 by 
a frequency divider 237 as slot timing data. 

50 Next, an arrangement of a transmission system of 

the base station will be described. A multiplexer 242 
synthesizes transmission data which are separately en- 
coded by encoders 241a, 241b, • , 241n prepared for 
respective opponents (terminal apparatus) capable of 

55 communicating at a time. An output of the multiplexer 
242 is supplied to a modulation unit 243 in which mod- 
ulation processing for transmission is carried out, 
whereby digital I data and digital O data for transmission 
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are generated. The respective encoders 241a to 241 n. 
the multiplexer 242 and the modulation unit 243 are di- 
rectly supplied with the signal of 19.2 MHz output from 
the TCXO 32 as a clock as it is. and also supplied with 
the signal of 5 kHz output from the 1/1230 frequency ■ s 
divider 237 as a clock. 

The digital I data and the digital Q data output from 
the modulation un it 243 are supplied to digital-to-analog 
converters 2441 and 244Q in which the digital data are 
converted into an analog I signal and an analog Q signal, 
The converted I signal and Q signal are supplied through 
low-pass filters 2451 and 245Q to mixers 2461 and 246Q. 
Further, a frequency signal of 100 MHz output from a 
frequency synthesizer 238 is converted by a phase shift- 
er 239 into two system signals of which phases are shift- '5 
ed from each other by 90 degrees. One of the two sys- 
tem frequency signals is supplied to the mixer 2461 while 
the other of the same is supplied to the mixer 246Q, 
whereby the frequency signals are mixed with the I sig- 
nal and the Q signal, respectively, so as to form signals 20 
falling in a 300 MHz band. Both of the signals are sup- 
plied to an adder 247 in which carried out is an orthog- 
onal modulation to unify them into a single system sig- 
nal. The frequency synthesizer 238 is a synthesizer for 
generating a signal of 100 MHz band based on the sig- 25 
nal of 150 kHz generated by a frequency-division with 
a 1/128 frequency-divider 233. 

Then, the signal modulated into the signal of 100 
MHz band output from the adder 247 is supplied through 
a transmission amplifier 248 and a band-pass filter 249 30 
to a mixer 250, in which the signal is added with a fre- 
quency signal of 1 .9 GHz band output from the frequen- 
cy synthesizer 231 so as to convert the signal into a sig- 
nal of a transmission frequency of 2.0 GHz band. The 
transmission signal frequency-converted into the trans- 3S 
mission frequency is supplied through a transmission 
amplifier 251 and a band-pass filter 252 to the antenna 
sharing device 2!2 so that the signal is transmitted from 
the antenna 211 connected to the antenna sharing de- 
vice 21 2 in a wireless fashion. -^^ 

Further, the signal of 19.2 fVIHz output from the 
TCXO 232 is supplied to a 1 /2400 frequency-divider 240 
to convert the signal into a signal of 8 kHz, and the signal 
ot 8 kHz is supplied to a circuit of a speech processing 
system (not shown). That is, the base station of the -^5 
present example is arranged to sample a speech signal, 
which is transmitted between the terminal apparatus 
and a base Station, at a rate of 8 kHz (or oversampling 
at a rate of an integial multiple of the rate), and thus the 
1/2400 frequency divider 240 produces a clock neces- so 
sary for speech data processing circuits such as an an- 
alog-to-digital converter and a digital-to-analog convert- 
er of a speech signal or a digital signal processor (DSP) 
for processing for compression and expansion on 
speech data and so on. 55 

Next, an arrangement of the base station for encod- 
ing and modulating transmission data will be described 
in detail with reference to FIG 12, In this case, it is sup- 



posed that N (N is an arbitrary number) terminal appa- 
ratus (users) carry out multiple access at a time. Thus, 
convolution encoders 311a, 311b. 311 n subjects 
transmission signals UO. U1. UN to respective users 
of the terminal apparatus to convolution encoding, re- 
spectively. The convolution encoding is carried out with 
a constraint length k = 7 and a coding rate R = 1/3, for 
example. 

Then, data convolution-encoded by respective sys- 
tems are supplied to four-frame interleave buffers 31 2a, 
312b, 31 2n, respectively, in each of which interleave 
is carried out on data over four frames (20 msec). Out- 
puts of respective interleave buffers 312a. 312b, 
31 2n are supplied to DQPSK encoders 320a, 320b, 
320n, respectively, in each of which DOPSK modulation 
is carried out. Specifically, DQPSK symbol generating 
circuits 321a, 321b, 321n generates corresponding 
symbols based on the supplied data. The symbols are 
supplied to one input of multipliers 322a, 322b, 322n, 
and multiplied outputs of the multipliers 322a, 322b, 
322n are supplied to respective delay circuits 323a, 
323b, 323n in each of which the symbol is delayed 
by one symbol amount and fed back to the other input. 
Thus, DQPSK modulation is carried out. Then, the data 
subjected to the DQPSK modulation arc supplied to the 
multipliers 313a, 313b, 31 3n, respectively, in which 
random phase shift data separately output from random 
phase shift data generating circuit 314a, 314b, 31 4n 
are multiplied with modulation data. Thus. Respective 
data are changed in phase at random apparently. 

Outputs of the respective multipliers 31 3a. 31 3b. 
31 3n are supplied to other multipliers 315a. 315b. 
31 5n in each of which the output are multiplied with con- 
trol data output from transmission power control circuits 
316a, 316b, 31 6n provided at every system. Thus, 
the transmission output is adjusted. This adjustment of 
transmission output is carried out base on output control 
data contained in the burst signal transmitted from a ter- 
minal apparatus connected to each system. The control 
data has been described in detail with reference to FIG. 
10. That is, if control data of (0, 0) and (1, 1) of (I, Q) 
data are discriminated from reception data, then the 
transmission output is maintained as it is, if control data 
of (0, 1) is discriminated from the reception data, then 
the transmission output is increased, and if control data 
of (1, 0) is discriminated from the reception data, then 
the transmission output is lowered. 

The control data of ( 1 , 1 ) is data which is not actually 
present on the transmission side. However, when the 
data of (1, 1) is determined on the reception side, the 
output is prevented from being changed. Owing to the 
setting, if the control data of (1 , 0) (i.e., data making the 
output to bo lowered) is deviated in phase by 90 degrees 
due to any cause, and erroneously determined as data 
of (1 , 1 ) or (0. 0) on the reception side, then it is possible 
to avoid at least an erroneous processing in the inverse 
direction which increases the output. Similarly, if the 
control data of (0. 1) (i e.. data making the output to be 
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increased) is deviated in phase by 90 degrees due to 
any cause, and erroneously determined as data of (1, 
1 ) or (0, 0) on the reception side, then it is possible to 
avoid at least an erroneous processing of the output. 

The arrangement shown in FIG. 12 will be de- 
scribed again. The transmission data output from the re- 
spective multipliers 315a, 3l5b, 315n are supplied 
to a multiplexer 242 and then synthesized thereby. 
When the transmission data are synthesized by the mul- 
tiplexer 242 according to this embodiment, a frequency 
at which the transmission data are synthesized can be 
switched by a unit of 150 kHz By the switching control, 
the frequency of the burst signal supplied to each termi- 
nal apparatus is switched. Specifically, in this embodi- 
ment, as described with reference to FIGS. 2A to 2G 
and so on, an operation of switching a frequency by a 
band slot unit which is called a frequency hopping is car- 
ried out, and the frequency switching operation is real- 
ized by switching processings of the multiplexer 242 up- 
on the synthesizing operation. 

The data synthesized by the multiplexer 242 is sup- 
plied to an IFFT circuit 332 which carries out the inverse 
fast Fourier transform for the data, and then obtains a 
so-called mutti-carrier data modulated so as to have 
twenty two subcarriors having frequencies at every 6.25 
kHz per one band slot and converted into the real time. 
Then, the data converted into the real time signal by the 
inverse fast Fourier transform is supplied to a multiplier 
333 which multiplies it with a time waveform output from 
a windowing data generating circuit 334. As shown in 
FIG. 7A. for example, the time wave form is a waveform 
whose length Tj of one waveform is about 200 n second 
(i.e., one time slot period). However, at each of its both 
end portions Tjr thereof (about 15 n second), a level of 
the waveform is smoothly changed. When the waveform 
is multiplied with the time wave form as shown in FIG. 
7B, adjacent time waveforms are partially overlapped 
with each other. 

Then, the signal multiplied with the time waveform 
by the multiplier 333 is supplied through a burst buffer 
335 to a digital/analog converter 244 (corresponding to 
the converters 2441. 244Q shown in FIG. 11) which con- 
verts it into an analog I signal and an analog Q signal. 
Then, the analog signals are processed for transmission 
in the arrangement shown in FIG. 11. 

In the base station according to this embodiment, 
since the band slot switching processing called the fre- 
quency hopping is cdrried out by the multiplexer 242 in 
the middle of the modulation processing as described 
above, it is possible to simplify the arrangement of the 
transmission system. Specifically, when the base sta- 
tion simultaneously handles a plurality of paths of sig- 
nals as described in this embodiment, it was necessary 
to convert a frequency of a signal of each of paths into 
that of a corresponding band slot (channel) to then syn- 
thesize the signals, and hence, in the transmission sys- 
tem, a set of the circuits up to the mixer 250 shown in 
FIG 11 is required as much as the paths. On the other 



hand, in the base station of this embodiment, only one 
system of the circuits is sufficient in the circuits succeed- 
ing the multiplexer 242. and hence the arrangement of 
the base station can be simplified to that extent. 

5 An arrangement for demodulating received data in 
the base station to decode it will be described in detail 
with reference to FIG. 1 3. A digital I data and a digital Q 
data converted by an analog/digital converter 220 (cor- 
responding to the analog/digital converters 2201 and 

10 220Q in FIG. 1 1 ) are supplied through a burst buffer 341 
to a multiplier 342. The multiplier multiplies them with a 
time waveform output from an inverse windowing data 
generating circuit 343. The time waveform is a time 
waveform having a shape shown in FIGS. 7A and 78 

?5 and also a time waveform having a length T^^ of 160 
|jsec which is shorter than that used upon transmission. 

The received data multiplied with the time waveform 
is supplied to a FFT circuit 344 and subjected to fast 
Fourier transform thereby to carry out a processing con- 

20 verting a frequency axis into a time axis. Thus, each of 
the data transmitted after modulation in the form of 22 
^ subcarriers at an interval of 6.25 kHz per one band slot 
is obtained from the real time signal. Then, the data sub- 
jected to the fast Fourier transform is supplied to a de- 

25 multiplexer 222 and divided into data which is as much 
as the terminal apparatus permitted in multiple access 
to the base station simultaneously. When the data is di- 
vided by the demultiplexer 222 according to this embod- 
iment, the frequency used for the above division is 

30 switch ed by a unit of 150 kHz and this switching oper- 
ation is controlled, thereby frequencies of the burst sig- 
nals transmitted from the respective terminal apparatus 
being switched. Specifically, in this embodiment, as de- 
scribed with reference to FIG. 1 and soon, the operation 

35 of switching the frequency of a band slot unit which is 
called the frequency hopping is carried out periodically, 
and the frequency switching operation carried out on the 
reception side is realized by time-dividing processings 
of the demultiplexer 222 upon reception of the received 

40 data. 

The respective received data divided by the demul- 
tiplexer 222 are independently supplied to multiplexers 
351a, 351b. 35 In provided so as to be as much as 
the terminal apparatus of the number N permitted in si- 

•*5 multaneous multiple access to the base station. The 
multipliers 351 a, 351 b, — , 351 n respectively multiply the 
divided data with inverse random phase shift data (data 
changed in synchronization with the random phase shift 
data on the transmission side) output from the inverse 

50 random phase shift data generating circuits 352a, 352b, 
352n and returns the received divided data to the 
data'having the original phases in the respective sys- 
tems. 

The respective data from the inverse random phase 
55 shift data generating circuits are supplied to delay de- 
tection circuits 353a, 353b, 353n and delay-detected 
( differentially demodulated) thereby. The delay detec- 
tion circuits supplies the delay detected data to four- 
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frame interleave buffers 354a. 354b. 354n which re- 
stores the data of four frames interleaved upon trans- 
mission to the data of the original data arrangement. The 
four-frame interleave buffers supply the de-interleaved 
data to Viterbi decoders 355a, 355b, 355n for sub- 5 
jecting them to Viterbi decoding. The decoders supply 
the data subjected to the Viterbi decoding as the re- 
ceived data to received-data processing circuits (not 
shown) at the succeeding stages. 

According to the base station of this embodiment, 
since the data dividing processing including the band 
slot switching processing called the frequency hopping 
is carried out by the demultiplexer 222 provided in the 
middle of the demodulation processing, similarly to the 
transmission system, it is possible to simplify the ar- '5 
rangement of the reception system. Specifically, when 
the base station simultaneously handles the signals of 
plural paths as described in this embodiment, it is nec- 
essary in the prior art to convert the frequencies of the 
signals of the band slots (channels) corresponding to 20 
the respective the signals of paths into the intermediate 
frequency signals and then to carry out the processings 
up to the fast Fourier transform to supply them to the 
respective multipliers 351a to 351 n, and hence in the 
reception system, sets, which arc as much as the 25 
number of the paths, of the circuits from the mixer 215 
to the demodulating unit 221 shown in FIG. 11 are re- 
quired. On the other hand, since the base station ac- 
cording to this embodiment requires only one system of 
the circuits in the transmission system preceding to the 30 
demultiplexer 222. it is possible to simplify the arrange- 
ment of the base station to that extent. 

In this base station, similarly to the terminal appa- 
ratus, the low-speed transmission rate can be set other 
than the transmission rate obtained upon the operation 35 
with the clocks of the above respective frequencies. If 
the transmission rate is set to the low-speed transmis- 
sion rate, a modulation clock frequency, a demodulation 
clock frequency and so on are changed in accordance 
with the setting. The transmission rate is set based on -^o 
a command from a control unit, not shown, of the termi- 
nal apparatus. This control unit sets either of a norma 
(high speed) transmission rate and the low-speed trans- 
mission rate based on a set data of the transmission rate 
transmitted from the base station. 

A processing for setting the transmission rate ac- 
cording to this embodiment will be described with refer- 
ence to FIG. 14 by way of example. For example, it is 
assumed that a certain terminal apparatus (mobile sta- 
tion) MS is kept in a state that it can communicate with so 
a base station A forming an area (cell) Aq. It is assumed 
that the communication between the base station A and 
the terminal apparatus MS is started from call-out from 
the terminal apparatus MS or call-in to the terminal ap- 
paratus MS. At this time, initially, the transmission rate 55 
is set low under the control of the base station A. The 
reason for setting the transmission rate to the low-speed 
one upon the initial access is that interference given to 



another station is unknown upon start of communica- 
tion. 

In a state that the low-speed transmission rate is 
set. a base station B in an adjacent area Bq measures 
an interference power given to the adjacent base station 
8 because of the communication between the base sta- 
tion A and the terminal apparatus MS. If it is determined 
that the interference is a large one having a predeter- 
mined level or larger based on the measurement, then^ 
the base station B informs the base station A of this de- * 
termination through communication employing a ground 
communication path C between the base station B and 
the base station A. If no data indicating that the commu- 
nication interferes largely with other base station adja- 
cent to the area Aq is not transmitted from all of the base 
stations adjacent to the area Aq, then it is determined 
that the communication condition is satisfactory. The 
transmission rate of the communication between the 
base station A and the terminal apparatus MS is 
changed to the high transmission rate (i.e., the normal 
transmission rate). 

TheiDase station of each cell always measures the 
interference power given by communication in other cell 
at any time as well as the start of the communication. If 
detecting the interference power of a predetermined le- 
ver or larger, the base station informs the base station 
carrying out the communication serving as a source of 
interference of detection of the large interference power 
by using the ground communication path C. The base 
station received such information controls the transmis- 
sion rate of the communication serving as the interfer- 
ence source to be lowered. 

In particular according to this embodiment, since 
the same frequency band is used in each of the areas 
(cells), as shown in FIG. 14. if the terminal apparatus 
MS is located in the vicinity of the boundary portion be- 
tween the adjacent areas, then the interference power 
given to other station is large. If it is determined the com- 
munication is carried out in the vicinity of the boundary 
portion between the adjacent areas in consideration of 
the intensity of the interference power, then the process- 
ing for lowering the transmission rate is carried out. 
When the communication is carried out in the vicinity of 
the boundary portion between the adjacent areas as de- 
scribed above, if the terminal apparatus MS is moved to 
anther position and consequently a hand-off processing 
for switching a base station communicating with the ter- 
minal apparatus MS from the base station A to the base 
station B is carried out. the hand-off processing is car- 
ried out in a state that the communication with low trans- 
mission rate is carried out, which can reduce the possi- 
bility of failure of the hand-off processing. 

Since, when the communication interferes with the 
adjacent cell largely, the transmission rate is lowered to 
carry out the communication, as the transmission rate 
is lowered, the amount of the data to be transmitted is 
lowered and hence the interference given to the adja- 
cent cell is lowered. Therefore, it is possible to effective- 



11 



BNSDOCID -:EP 0825741 A2 I > 



21 



EP 0 825 741 A2 



22 



ly reduce the interference given to the adjacent cell 
when the one-cell repetition system is employed in a cell 
arrangement. 

While in this embodiment the base station in the ad- 
jacent measures the interference power to measure the 
amount of the interference and determines whether or 
not the transmission rate is to be changed, the present 
invention is not limited thereto. The terminal apparatus 
MS may measure a power of a signal transmitted from 
the adjacent base station B and then determine the in- 
terference power thereof to transmit the measurement 
result to the base station A communicating therewith as 
the control data to reduce the transmission rate under 
the control of the base station A. In this arrangement, it 
is possible to change the transmission rate without the 
data ot the interference power transmitted from the base 
station in the adjacent cell. 

While the transmission rate is changed at two steps 
in this enribodiment, the present invention is not limited 
thereto and the transmission rale may be changed at 
more steps. Moreover while in this embodiment the 
transmission rate is changed by changing the number 
of the time slots to be used, the present invention is not 
limited thereto and other processing may be employed 
to change the transmission rate. 

While in this embodiment the BDf^A system is em- 
ployed as the communication system, the present in- 
vention is not limited thereto and can be applied to any 
communication system as long as the one-cell repetition 
system can be applied to the communication system 
FOr example, when the one-cell repetition system is ap- 
plied to a cellar system of the code-division multiple ac- 
cess (CDMA) systenn, if the interference power is at a 
predetermined lever or higher, then the transmission 
rate may be lowered upon the commencement of the 
access. 

Moreover values of the frequencies, time, coding 
rates and so on are described in this embodiment by 
way of example, and hence the present invention is not 
limited to the above embodiment. It is needless to say 
that the present invention can be applied to the modu- 
lation processing other than the DQPSK modulation in 
view of the modulation system. 

According to the present invention, when there is 
possibility that the interference given to the another cell 
is large, it is possible to carry out the communication 
with the interference being suppressed to minimum. 
Therefore, it is possible to constantly carry out the com- 
munication employing the one-cell repetition system 
satisfactorily. 

In this case, the following communication system is 
employed: a plurality ot transmission bands in each of 
which subcarricr signals of a predetermined number arc 
disposed at a predetermined frequency interval are pre- 
pared, a signal in each of the transmission bands is di- 
vided by every predetermined time to form time slots, 
and a burst signal is transmitted in the form of a multi- 
carrier signal modulated by dispersing the signal inter- 



mittently into the subcarrier signals of the above prede- 
termined number at a period of the time slots of a pre- 
determined number Therefore, it is possible to satisfac- 
torily carry out the communication employing the one- 
cell repetition system to which the above communica- 
tion system is applied, without the interfering the com- 
munication of another cell. 

Since the code-division multiple access system is 
employed as the communication system used between 
the base station and the terminal apparatus, it is possi- 
ble to satisfactorily carry out the communication employ- 
ing the one-celt repetition system to which the above 
communication system is applied, without the interfering 
the communication of another cell. 

Having described preferred embodiments of the 
present invention with reference to the accompanying 
drawings, it is to be understood that the present inven- 
tion is not limited to the above-mentioned embodiments 
and that various changes and modifications can be ef- 
fected therein by one skilled in the art without departing 
from the spirit or scope of the present invention as de- 
fined in the appended claims. 



1. A communication method in a predetermined band 
width with a predetermined format for multiple ac- 
cess by each celt, comprising the steps of: 

30 

a detecting step of detecting an interference to 
a communication between a first apparatus and 
a second apparatus by communication of a 
third apparatus; and 
3S a lowering step of lowering an information 

transmission rate of said communication be- 
tween said first and second apparatus. 

2. A communication method in a predetermined band 
-^0 width with a predetermined format for multiple ac- 
cess by each cell, comprising the steps of: 

a detecting step of detecting an interference to 
a communication between a third apparatus 
and the other apparatus by a communication , 
between a first apparatus and a second appa- 
ratus; 

an informing step of sending an information that 
said interference is detected in said detecting 
step or an information that existence of said in- 
terference is unknown to said first or second ap- 
paratus: 

a lowering step of lowering an information 
transmission rate of said communication be- 
tween said first and second apparatus. 

3. A communication method in a predetermined band 
width with a predetermined format for multiple ac- 
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cess by each cell, comprising the steps of: 

a detecting step ol detecting a status that a first 
base station is comnnunicating with a subscrib- 
er in a cell where said first base station is locat- 
ed and said subscriber located at an edge of 
said cell where said first base station is located 
is approaching to a cell where said second base 
station is located; and 

a lowering step of lowering an information 
transmission rate of said communication be- 
tween said first base station and said subscrib- 
er. 

4. A communication method according to claim 2, 
wherein said third apparatus is a base station of the 
other cell, and a processing in said informing step 
is carried out through a radio communication 
among plural base stations. 

5. A communication method according to any one of 
claims 1 , 2 or 4, wherein a common frequency band 
for communication is employed in a cell said first 
apparatus belongs to and a cell said third apparatus 
belongs to. 

6. A communication method according to claim 3, 
wherein a common frequency band for communica- 
tion is employed in a cell said first base station be- 
longs to and a cell said second base station belongs 

to. 

7. A communication rnethod according to any one of 
the preceding claims, wherein said predetermined 
formal employs a multicarrier signal formed by a 
unit which includes subcarriers of a predetermined 
number and a time slots of a predetermined 
number. 

8. A communication method according to any one of 
the preceding claims, wherein said predetermined 
format is a code division multiple access. 

9. A communication method according to any one of 
the preceding claims, wherein a processing in said 
lowering step is carried out by lowering the informa- 
tion transmission rate in a communication path be- 
tween said first and second apparatus without var- 
ying a capacity of said path. 

' 10. A communication method according to any one of 
the preceding claims, wherein a processing in said 
lowering stop is carried out by lowering the informa- 
tion transmission rate per unit of communication 
path between said first and second apparatus with 
increasing a capacity of said path. 

11. A communication apparatus communicating in a 



predetermined band width with a predetermined 
format for multiple access by each cell, comprising; 

a status detecting means for detecting a com- 
5 munication status for a predetermined station: 

and 

a rate adjusting means for lowering an informa- 
tion transmission rate of said communication 
when an output signal from said status detect- ^ 
10 ing means indicates that a level of a communi- 

cation status is lower than a predetermined val- 
ue. 

12. A communication apparatus communicating in a 
IS predetermined band width with a predetermined 

format tor multiple access by each cell, comprising: 

a communicating means for communicating 
with a predetermined station: 

20 an information receiving means for receiving a 

predetermined communication status informa- 
tion from a third station: and 
a rate adjusting means for towering an informa- 
tion transmission rate of said communication 

25 when an output signal from said information re- 

ceiving means indicates that a communication 
status of said third station is a status having a 
level lower than a predetermined value or an 
unknown status. 

30 

13. A communication apparatus communicating in a 
predetermined band width with a predetermined 
format for multiple access by each cell, comprising: 

35 a communicating means for communicating 

with a predetermined station; 
an information receiving means for receiving an 
information from a third station: and 
a rate adjusting means for lowering an informa- 

40 tion transmission rate of said communication 

when an output signal from said communicat- 
ing means indicates that said communicating 
means is located at an edge ol a cell where said 
predetermined station is located and when an 

45 output signal from said information receiving 

means indicates that said communicating 
means approaches to a cell where said third 
station is located. 

so 14. A communication apparatus according to claim 12, 
wherein said third station is a base station of the 
other cell, and said communication status informa- 
tion is transmitted by wire communication. 

ss 15. A communication apparatus according to any one 
of claims 12 to 16. wherein a common frequency 
band lor communication is employed in a cell said 
predetermined station belongs to and a cell said 
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third station belongs to. 

16. A communication apparatus according to any one 
of claims 11 to 15. wherein a common frequency 
band for communication is employed in a cell said 5 
predetermined station belongs to and a cell said 
third station belongs to. 

17. A communication method according to any one of 
claims 11 to 16, wherein said predetermined format io 
is a code division multiple access. 

18. A communication apparatus according to any one 
of claims 11 to 1 7, wherein a processing in said low- 
ering step is carried out by lowering the information '5 
transmission rate in a communication path between 
said first and second apparatus without varying a 
capacity of said path. 

19. A communication apparatus according to any one 
of claims 11 to 1 8. wherein a processing in said low- 
ering step is carried out by lowering the information 
transmission rate per unit of communication path 
between said first and second apparatus with in- 
creasing a capacity of satd path. 
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